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(54) Film extruded from an in situ blend of ethylene copolymers 



(57) A shrink film comprising a blend of copolymers 
of ethylene and one or more alpha-olefins having 3 to 
12 carbon atoms formed in situ, said blend having a melt 
index in the range of from 0.2 to 3.5 grams per 10 min- 
utes; a melt flow ratio in the range of from 50 to 175; a 
molecular weight in the range of from 90,000 to 225,000; 
a Mw/Mn ratio of at least about 8; and a density in the 
range of from 0.910 to 0.940 gram per cubic centimeter, 



the shrink film being formed at a blow up ratio in the 
range of from 2:1 to 6:1 and having the following prop- 
erties: 

(i) at about 135 degrees C, a shrinkage of at least 
about 50 percent in the machine direction and zero 
or positive shrinkage in the transverse direction: 

(ii) melt stress is zero or positive kilopascals; and 
(Hi) a cooled stress of at least about 0.35 x 10 3 kil- 
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Description 
Technical Field 

This invention relates to shrink film extruded from a blend of ethylene copolymers prepared in a series of polym- 
erization reactors. 
Background Information 

weight distribution linear low dens.ty EK^«St» transverse direction of the narrow mo- 

mU cn"oweTmrcular weight, for the reason that extrusion processability is facilitated thereby. 
Disclosure of the Invention 

« k ah ™,t n >; tn about 3 5 arams per 10 minutes; a melt flow ratio in the range of about 50 to about 176 , a 
EE* ^"tSS5"-CS!S» to about 225.000; a Mw/Mn ratio of at least about 6; and a density to 
S?^5aRo«S55S« Per cubic centimeter, said shrink film being formed at a blow up ratio ,n ,he range of 
about 2: 1 to about 6: 1 and having the following properties: 

(i) at about 135 degrees C, a shrinkage of at least about 50 percent in the machine direction and zero or positive 
shrinkage in the transverse direction; 

(ii) melt stress is zero or positive kilopascals; and 

(iii) a cooled stress of at least about 0.35 x 10 3 kilopascals. 
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Description of the Preferred Ernbodlment(s) 

The gauge or thickness of the shrink film can be in the range of about 0.5 to about 6 mils, and is preferably in the 
range of about 1 to about 2.5 mils. The optimum gauge is about 1 .2 mils. 

The shrink films can be produced by various extrusion techniques such as blown film extrusion and slot cast biaxial 
orientation extrusion. Tubular film extrusion is preferred, particularly air cooled blown tubular film extrusion. Typical 
apparatus and a procedure for blown tubular film extrusion is described below. The minimum values for critical shrink 
film properties are as follows: 

(i) Shrinkage at about 1 35°C. (approximate shrink tunnel temperature) in the machine direction is at least about 
50 percent, and, in the transverse direction, zero or positive shrinkage and preferably zero to about 40 percent 

(ii) Shrink forces with the regard to melt stress is zero or positive kibpascals; preferably about 14 to about 103 
kilopascals; and most preferably about 35 to about 69 kibpascals. 

(iii) Cooled stress is at least about 0.35 x 10 3 kilopascals and is preferably about 0.85 x 1 0 3 to about 2 x 1 0 3 . The 
only upper limits for these film properties are those that can be practically achieved. 

The blend, which is used in the extruder, can be produced in two staged reactors connected in series wherein a 
mixture of resin and catalyst precursor is transferred from the first reactor to the second reactor in which another 
copolymer is prepared and blends in situ with the copolymer from the first reactor. The process is generally described, 
for example, in United States Patents 5,047,468 and 5,1 26,398; however, the conditions have to be adjusted to provide 
the desired properties in the in situ blend. 

The copolymers produced in each of the reactors are copolymers of ethylene and at least one alpha-olefin comon- 
omer. The relatively high molecular weight copolymer is produced in what is referred to as the high molecular weight 
reactor, and the relatively low molecular weight copolymer is produced in what is referred to as the low molecular weight 
reactor. The alpha-olefin comonomer(s), which can be present in both of the reactors can have 3 to 12 carbon atoms,, 
and preferably have 3 to 8 carbon atoms. The alpha-olefins are exemplified by propylene, 1-butene, 1-hexene, 4-me- 
thyl-1-pentene, or 1-octene. Any of the aforementioned comonomers can be used in either reactor. Preferred comon- 
omer combinations are 1-butene/1-butene; 1-butene/1-hexene; 1-hexene/1 -butene; and 1-hexene/1-hexene combi- 
nations. 

The magnesium/titanium based catalyst system, which can be used to make the in situ blend, can be exemplified 
by the catalyst system described in United States patent 4 ; 302, 565 although the precursor is preferably unsupported. 
Another preferred catalyst system is one where the precursor is formed by spray drying such as the system described 
in United States patent 5,290,745. 

The electron donor, if used in the catalyst precursor, is an organic Lewis base, liquid at temperatures in the range 
of about 0°C to about 200° C, in which the magnesium and titanium compounds are soluble. The electron donor can 
be an alkyl ester of an aliphatic or aromatic carboxylic acid, an aliphatic ketone, an aliphatic amine, an aliphatic alcohol, 
an alkyl orcycloalkyl ether, or mixtures thereof, each electron donor having 2 to 20 carbon atoms. Among these electron 
donors, the preferred are alkyl and cycloalkyl ethers having 2 to 20 carbon atoms; dialkyl diaryl, and alkylaryl ketones 
having 3 to 20 carbon atoms; and alkyl, alkoxy, and alkylalkoxy esters of alkyl and aryl carboxylic acids having 2 to 20 
carbon atoms. The most preferred electron donor is tetrahydrofuran. Other examples of suitable electron donors are 
methyl formate, ethyl acetate, butyl acetate, ethyl ether, dioxane, di-n-propyl ether dibutyl ether, ethyl formate, methyl 
acetate, ethyl anisate, ethylene carbonate, tetrahydropyran, and ethyl propionate. 

While an excess of electron donor is used initially to provide the reaction product of titanium compound and electron 
donor, the reaction product finally contains about 1 to about 20 moles of electron donor per mole of titanium compound 
and preferably about 1 to about 10 moles of electron donor per mole of titanium compound. 

An activator compound, which is generally used with any of the titanium based catalyst precursors, can have the 
formula AIR a X b H c wherein each X is independently chlorine, bromine, iodine, or OR'; each R and R* is independently 
a saturated aliphatic hydrocarbon radical having 1 to 14 carbon atoms: b is 0 to 1 .5; c is 0 or 1 ; and a+b+c = 3. Preferred 
activators include alkylaluminum mono- and dichlorides wherein each alkyl radical has 1 to 6 carbon atoms and the 
trialkylaluminums. A particularly preferred activator is a mixture of diethylaluminum chloride and tri-n-hexylaluminum. 
About 0.10 to about 10 moles, and preferably about 0.15 to about 2.5 moles, of activator can be used per mole of 
electron donor. The molar ratio of activator to titanium can be in the range of about 1 :1 to about 1 0:1 and is preferably 
in the range of about 2:1 to about 5:1 . 

The hydrocarbyl aluminum cocatalyst can be represented by the formula R 3 AI or R 2 AlX wherein each R is inde- 
pendently alkyl, cycloalkyl, aryl, or hydrogen; at least one R is hydrocarbyl; and two or three R radicals can be joined 
to form a heterocyclic structure. Each R, which is a hydrocarbyl radical, can have 1 to 20 carbon atoms, and preferably 
has 1 to 10 carbon atoms. X is a halogen, preferably chlorine, bromine, or iodine. Examples of hydrocarbyl aluminum 
compounds are as follows: triisobutylaluminum, tri-n-hexylaluminum, di-isobutyl-aluminum hydride, dihexylaluminum 
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dibydride, CHsC^exy^inum, fcobuty. ^^^^^ 

num. triisopropylaluminum, ,rl-n-butylalum,num, t ri««Uum num. ^g^^^ d j e ,hylaluminum chloride, 
minum, triphenyla.uminum,trinaphthylalum,nurr ^^^^^^^^^^d^e^. 
and ethylaluminum sesquichlorWe. The cocatalyst impounds can „ „ desired to support the 

As noted above, it is preferred not to use a support. as aluminum phosphate, 

precursor, silica is the preferred support. Other surtable supports ,« "^^^ ^ „ ^tethyb^um, and 
Lumina, siiica/a.umina mbctures, siiica ^ ^^^^rSL essentN.y inert to the polym- 
silica modified with diethyl zinc. A typ,cal support is ^ fio '^Sfof about iSTo about 250 microns and preferably 
erization. It is used as a dry powder having gra m and preferably at least about 

about 30 to about 100 microns; a ^^f^^^Z^s^ and pre1erab,y * ' eaSt *° Ut 2 °° 
250 square meters per gram; and a pore s ze of a '^J ™ 1 jde 9 about0 .1 to about 1 .0 millimole of titanium 

is not desired, the catalyst precursor can be used in liquW I torn. rizat ion. In one procedure, the pre- 

Activators can be added to the precursor ^^^^IZLor is partia.ly activated before polym- 
cursor is fully activated before ^^^^rlT^Ms^L instead of an activator, the modifiers are 
erization, and activation is completed m the reactor. Where imdM impregnated into the support 
20 usually dissotved in an organic solvent such as isopentane and -^^^"^ ? a J ysX precurs0 r is dried, 
following impregnation of the titanium compound or complex f^'^JZnZ similar in chemical structure and 
Otherwise, the modifier soiution is added by , self IS. The cocatalyst is preferably 

prising: 

.acatalystprecursorhavingthe^ 

an electron donor; d is 0.5 to 56: e is 0, 1 or 2, f is 2 to 116^ and £ , is 1 .5d+2 same ^ 

(ii) at least one modifier having the formula BX 3 or AIR^X, where.n each H aixy. y 
different and X and e are as defined above for component (a) 

wherein components (a) and (b) are impregnated into an .norgan.c support, and 

(iii) a hydrocarbyl aluminum cocatalyst. 

The precursor is prepared from a titanium compound, a ^^^T^^. « 
compounds, which are useful in preparing these precursors hav , the cm ula WftJ^L compounds are 
defined above for component (a); his an 'ntegerfrom 1 to 4 and * h ThQ magnesium compounds 

TiCI 3 . TiCI 4 , Tl(OC 2 H s ) 2 Br 2 , Ti(OC 6 H 5 ) Cl 3 . JKOCOCH3) CI3. ^ a preferred compound. About 0.5 
include magnesium halides such as MgCI,, MgBr 2 , and Mgl 2 . An**™ J » * p ; mole o( titan P m compounds . 
to 56, and preferably about 1 to 10, moles of the ma 9^s^m compounds are used .P°' ™ 

Theelectron donor, the support, and thecocata^ b or 

can be similar in chemical fT^^ZZ^U ca" ms eTch X is independent* chlorine, 
AIR (3 . e) X e wherein each R ,s '" d ^ e " d f j be used . Preferred modifiers include alkylaluminum 

bromine, or iodine; an d e is 1 or 2. One or mo e mod mere can id e trich , or i d e; and the trialkylaluminums. 

mono- and dichlorides wherein each alky ^J^^^^^^^S!^^^^^^,!^ 
About 0. 1 to about 10 moles, and preferably about 0.2 to about 2^5 ^^^^ 
donor The molar ratio of modifier to titanium can be in the range of about i .1 10 ao 
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and the relatively high molecular weight copolymer can be prepared ,n the second reactor. This can 



oTJZ 4^ > So to M X 000. The density of the copolymer can be 0*0 to 0 940 gram per cub« cert.meto< 
andtJreSably in the range of 0.900 to 0.930 gram per cubic centimeter. The melt flow rat.o of the polymer can be 
In the range of about 20 to about 70, and is preferably about 22 to about 45. 

2 o per cubic centimeter, and is pre.erabty in the range of 0.905 to 0.945 B« m ^«^^ ^ ™* *" ^ 
this copolymer can be in the range of about 20 to about 70, and ,s preferably about : 20 to abou^ « 

The blend or final product, as removed from the second reactor, can have a melt index '" the range of about 0 2 

==~bTm^ : 

* °V^^^*S^S3^ situ blend can be characterized as a multimodal resin, usua.iy bimoda. 
or l^T^^X^o, the two components making up the blend are sufficient* close ,n average mo- 

■ p loTmeS For a staged reactor system, the proportion of the high molecular we,ght component 
to ^^a^Z^Sirtion rate'in each reactor. The relatrve production rate in each reactor can .n turn 
^conSbdby^ 

3 s tel^ceT^d manipulates the ethylene partial pressure in each reactor and catalyst feed rate ,n order to meet 
thl production ratoT production rate split, and catalyst productivity requirements. The broad I molecular weight dK- 
rib£ "averted in an Mw/Mn ratio of at least about 8. and is preferably at least about to. The only upper hmt » 
EJSi^ SSSS. Mw is the weight average molecular weigh, Mn is the ^^^^^ 
and the Mw/Mn ratio can be referred to as the polydispersity index, which is a measure of the breadth of the molecular 

40 W6i ^e wX ratio of copolymer prepared in the high mo.ecu.ar weigh, reactor to copolymer prepared in the low 

molecular weight reactor can be in the range of about 0.5:1 to about 2:1 . 

The catalvst system ethylene, alpha-olefin, and hydrogen are continuously fed into the first reactor the polymer/ 

cataS Sure KoS^Xly transferred from the first reactor to the second reactor, ethylene alpha* 5 fehn and 
45 h^ogen as well as cocatalyst are con.inuous.y fed to the second reactor. The final product ,s continuously removed 

from the second reactor. 

In the low melt index, as reflected in flow index, reactor: 

SI ra«o of alpha-olefin to ethylene can be in the range of about 0.05:1 to about 0.4:1 and „ prefer^ Mn 
the ranoe oVabou°0 091 to about 0.26: 1 The mole ratio of hydrogen (if used) to ethylene can be m the range of about 
so ! 000 1 *io£To£L is preferably in the range of about 0.001:1 to about 0.18:1 . The «np^ » 

generally in the range of about 60° C to about 1 00= C. Preferred operating temperatures vary depending on the densrty 
desired, i.e., lower temperatures for lower densities and higher temperatures for higher densrties. 

^JTSZSESZ to ethylene can be in the range of about 0.1:1 to about 0*1 and is preferably in 
ss the ranae of about 0 21 to about 0.45:1 . The mole ratio of hydrogen to ethylene can be ,n the range of about 1 .1 1 to 
abo^ H Id is PreferaS, in the range of about 1.6:1 to about 2.2:1 The operating temperature is generally ,n the 
Jngeofa^ 

The pressure is generally the same in both the firs, and second reactors. The pressure can be ,n the range of 
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can be described as follows: oroduced in the reactor. Thus, during the course 

(.«&*.) ml.... cnmonnmer. «nd. « HM —•^'t'Sti. pWr, M* — ="«•> P*** 

. js=r^«»^^ «}S ' 0,4 *" e " " 

i* S ih. . r.ac.ron »» B» dr*n 9 »nd Id dead in *n» 
A typical and prelerred catalyBt system is one where the » , «~^*™^JJ2aii donor, and. op.lon.lly. 

TMA, into a fiuidized bed of polyethylene granules together wrth ^^^^XZLmv* is withdrawn 
dissolved in isopentane (5 percent by weight TMA). The ™^n2L. The second reactor 

from the first reactor and transferred to .the second reactor ^^^^^^^^^^^^anti 

~- - 2SS= - - — — *- is 

also introduced. The product blend is ^^T^ularfllm extrusion isasfollows: The extruder is equipped. 

Atypical procedureforpre^ 
with afluted mixing screw capable of providing the y equipped wit h a 0.04 inch die pin, 

hertng oeJHrry .hi ih Jr. «t ol ehnnh ]^ , ^ , s M (7B m , im ,,.„ di. and a 40 mil (1 .0 

is 22 kilograms per hour; and the drive current is 10 amperes. 

"^Shrinkage (the percent change in film dimension) is determined as follows: 

Machine direction shrinkage (percent) = [^5 * luu 

rt LiTD-LsTD vHAn 
Transverse direction shrinkage (percent) = * iuu 



wherein 

LiMD = initial machine direction length 

LsMD = machine direction length after shrinkage 

LiTD = initial transverse direction length 

LsTD = transverse direction length after shrinkage. 
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Another way to determine shrinkage is as follows: ^ specimen. 

I nitial Width minus Final Width v inA 
Percent Shrinkage = Initial Width 

„d wighO .,. «kd ««»*B » ^^"^o mlm ,„, „ ,. ,„„., ,„ ™« M.x M.,1 index » 

a density gradient column and density values are reported in kHogram per cub* me er. 
35 distribution calibration method. 

M d th. Mtt* in Idttn .0 having th. troz« ««. «. In .Kink w, 

has the following advantages: 

(i) ,he excelient shrink properties of in situ blends, particular those containing significant amounts of 1 -butane 

StJb^ 
SZreta^ 

Sr HP LDPE/l!.DPE blends. This economic advantage is captured in the shrink film market by cap.taitz.ng on the 
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characterized by films extruded from an in situ blend of ethylene copolymers. 



Patents mentioned in this specification are incorporated by reference herein. 
The invention is illustrated by the following examples. 

Examples 

~* i n R^in A and Resin B The reaction conditions for the preparation of 

A is prepared in the reverse mode. Resin B is prepared in the standard Unode. transferred together with 

, P n me reverse mode, the low molecuiar weight C °P°'^^^ which is prepared 

active catalyst to the second reactor; and ^^SSJJSE^ * i0 th * flrM ^ 

aluminum haiides, and an electron donor, and ,6 attached to the surface £ JJJ^JJ ^ f 745) . ^ 

a hydrocarbon medium such as mineral o, to provide Xte ^ISSLv!- same ^ mposnion and preparation 
catalyst precursor and method of preparing same used ,n the examples .s ;Wm a ^lyst precursor 

method as example 1 of 745. For low density operation, sucn as ' ™ l ™^ ' hvrim fuian (THF) is 0 45 and the molar 

tinuously conducted after equilibrium is reached ^J^^^^^Mt trimethylaluminum (TMA), into a 
the first reactor by continuously feeding the above >^X^™™^^ W^ The C0Cata,ySt ' S 
fluidized bed of polyethylene granules ^^^^^SSSfci. of cocatalyst In solution can also be 
dissolved in isopentane (5 percent by weight cocata yst). H#«"»^™" > . witndrawn fro m the 

used as well as using the cocatalyst neat The resulting -P^ro 'en oT^cSd re= cycle gas as a transfer 
first reactor and transferred to the second reactor ^J^^^J^ Again, ethylene, a comonomer, 
medium. The second reactor also contains , a fluked bed ^P^^^^^^eio^erandcata^t 
andhydrogen are introduced intothe second reactor ^^^l^^^^^rBrn^ed. 
from the first reactor. Additional cocatalyst ,s also '*^ d J ^ 9 b ^ ms per 10 minutes; a melt flow ratio 

Resin A has a malt index of 0.7 gram per 10 m.nutes a flow index of 68 0 grams p ^ _ ^ 

of 98.0; and a density of 0.923 gram per cubic cent meter Resin B has ,* mel I mdex g p ^ 
index of 69.0 grams per 10 minutes, a melt ^^^^^^^^A^ ethylene prepared by a 

Resin C is a high pressure low density P*"W"> <H£W££ ™ min y utes; a flow index Q f 1 20 grams 
conventions high pressure P^^^^g^p^Ki^. Resin D is also an HP-LDPE, 
per 10 minutes; a melt flow rat.o of 60, and a density of 0*20 g ™P" Resjn D has a me | t in dex of 0.9 

per cubic centimeter. . B . T b , „ f jlm ex trusion conditions and 

In addition to polymerization conditions for Resin A in Table I and Resin B in lao.e 

film properties are given in Tables III and IV. millimeter (1 1/2 inches) Old Sterling™ extruder 

per hour per inch. 



reaction conditions 


reactor I 


reactor II 


temperature (° C) 

pressure (psia) 

C2 partial pressure (psia) 


85 
298 
66.7 


72 
251 
53 
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Table I (continued) 



reaction conditions 



reactor I 



reactor It 

0.018 



H2/C2 molar ratio 
C4/C2 moiar ratio 
C6/C2 molar ratio 
C2 feed (Ibs/hr) 
H2 feed (Ibs/hr) 
C4feed (Ibs/hr) 
C6 feed (Ibs/hr) 
cocatalyst 

catalyst feed rate (Ibs/hr) 
production rate (Ibs/hr) 
total production rate (Ibs/hr) 
ethylene split 
titanium split 

fluidized bulk density (Ibs/cu ft) 

bed weight (lbs) 

bed level (ft) 

bed volume (cu ft) 

residence time (hrs) 

STY (Ibs/hr/cu ft) 



1.96 
0.28 
0 

15250 
19.3 
1186 
0 

10%TMA 

8.87 
16072 

0,589 
0.591 
15.54 
62210 
39.3 
4003 
3.871 
4.01 



0 

0.166 
10639 ... 
0.065 . 
0 

2964 
10%TMA 

12725 
2B797 

0.411 
0.409 
14.4 
60225 
37.2 
4182 
2.091 
3.04 



Table il 



reaction conditions 



reactor f 



reactor II 



temperature (° C) 
pressure (psia) 
C2 partial pressure (psia) 
H2/C2 molar ratio 
C4/C2 molar ratio 
C6/C2 molar ratio 
C2 feed (Ibs/hr) 
H2 feed (Ibs/hr) 
C4 feed (Ibs/hr) 
C6 feed (Ibs/hr) 
cocatalyst 

cocatalyst feed rate (Ibs/hr) 
hexane feed rate (Ibs/hr) 
catalyst feed rate (Ibs/hr) 
production rate (ibs/hr) 
total production rate (Ibs/hr) 
ethylene split 
titanium split 
SGV (ft/sec) 

fluidized bulk density (Ibs/cu ft) 

bed weight (lbs) 

bed level (ft) 

bed volume (cu ft) 

residence time (hrs) 

% condensing (wt) 

STY (Ibs/hr/cu ft) 



70 

305 
23.5 
0.057 
0 

0.147 
12816 
0.25 
0 

2037 
10%TMA 
36 
540 
19.6 
14600 

0.453 
0.490 
2.07 

12.42 
52161 

39.1 
4200 
3.573 
4.4 
3.48 



85 
306 
84.B 
1.79 
0.23 
0.006 
15492 
59 
1606 
0 

10%TMA 
13 
0 

16300 
30900 

0.547 
0.50 
2.2 
16.98 
72962 
39.7 
4297 
2.361 
0 

3.79 
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Table HI 



example RESIN 



1 

2 
3 
4 
5 
6 



G 
C 
A 
A 
A 
A 



example RESIN 



1 
2 
3 
4 
5 
6 



C 
C 
A 
A 
A 
A 



BUR 



GAUGE 
(MILS) 



3:1 


1:5 


3:1 


2 


3.5:1 


1:5 


4:1 


15 


4:1 


2 


4:1 


2.5 


Mi) 


TD 


SHRINK 


SHRINK 


(%) 


(%) 


85 


23 


80 


25 


80 


10 


77 


17 


73 


17 


70 


20 



DIE RATE 
LBS/HR/IN 

7.3 
11.9 
7.6 
9.4 
9.4 
9.4 

MD HOT 

stress 

(PSD 

19.4 
11.8 
6 

4.9 
4.8 
3.6 



LBS/HR 



46 
75 
48 
59 
59 
59 

MD COLD 
STRESS 
(PSD 

258.9 
208.3 
272.8 
241.3 
232.2 
246 
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Table III (continued) 



Extrusion 
conditions: 



10 


example 
resin 

gauge (mils) 
(mm) 


i 

X 

c 

1.5 
(.04) 


2 
C 
2 

(.05) 


3 
A 

1:5 
(.04) 


4 

A 
1.5 
(.04) 


5 
A 
2 
(.05) 


6 

A 
2.5 
(.06) 


15 


BUR 


3:1 


3:1 


3.5:1 


4:1 


4.0:1 


4.0:1 




Screw rpm 


90 


154 


120 


152 


152 


152 


20 


Melt Temp (°C) 


199 


204 


210 


216 


216 


216 




Head Pressure 


1200 


1300 


2000 


2300 


2300 


2300 




(psi ) 


(8.3) 


(9.0) 


(13.8) 


(15.9) 


(15.9) 


(15.9) 


25 


(MPa) 
















Amps 


7.0 


8.5 


10 


11 


11.0 


11.0 



n x^t r % T\ 119 7 6 9.4 9.4 9.4 

(lbs/hr/in) 7.3 ?) 

(kg/hr/cm) (1-3) (2.1) (1.4) d-7) d-7) U.7J 

Specific Output 

/u / ^ nM 0 49 0 4 0.39 0.39 0.39 

S£S3 wS) S& bj» »■») «« 18 > 
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Table IV 





Resin 
B 


Resin 
D 


MI (g/10 rain) 
HLMI (g/10 nun) 
MFR 

Density (g/cc) 


0.7 
69.0 
98.0 
0.922 


0.9 
73 
80.0 
0.920 


Extrusion Conditions: 






Melt Temperature 

(°C) 


218 


207 


Head Pressure psi 
(Mpa) 


3900 
(26.9) 


2900 
(20.0) 


Amps 


110 


90 


Die Rate 
lbs/hr/in 
(kg/hr/cm) 


10.0 
(1.8) 


10.3 
(1.8) 


Specific Output 
Rate 


3.8 


4.3 


lbs/hr/rpm 
(kg/hr/rpm) 


(1.7) 


(2.0) 


Bubble Stability 


GOOD 


GOOD 


Melt Fracture 


NONE 


NONE 
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Table IV (continued) 



Film Properties: 

1.25 mil film (30 micron), 2.5:1 BUR 



10 


Tensile Strength 
psi (MPa) 


MD 
TD 


5000 
3600 


(34.6) 
(24 8) 


3400 
2700 

£j % \J\J 


(23.4) 
(if* fil 

\ lO.O) 




Elongation at 
break 

(%) 


MD 
TD 


560 
800 




260 
540 




IS 


Secant Modulus 
(psi) (MPa) 


MD 
TD 


36500 
42700 


(255) 
(296) 


27400 
33400 


(186) 
(228) 


20 


Elmendorf Tear 

grams/mil 

(N/mm) 


MD 
TD 


133 
1000 


(51.2) 
(385) 


198 
163 


(77.0) 
(62.8) 


28 


Shrinkage 

(%) 


MD 
TD 


76% 
0% 




"7JICZ, 
lO/c 

20% 




30 


Hot Melt Stress 
(psiXkPa) 
Cold Stress 
(psi)(kPa) 


MD 
MD 


3.3 
124 


(22.8) 
(855) 


4.5 
236 


(31.0) 
(1627) 


35 


Puncture 

energy/mil 

(J/mm) 

Dart Drop (g) 




20.0 
150 


(89) 


14.7 
97 


(65.4) 


40 


Haze (%) 




35.0 




5.0 




Gloss (45 deg.) 




18.0 




68.0 





SO 



55 
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Table IV (continued) 



Film Properties: 

2.25 mil film (55 micron), 2.5:1 BUR 



Tensile Strength 

JJol \VfxJTaif 


MD 

L U 


4700 

UJUU 


(32;4) 


2900 

*ouu 


(20.0) 

\ XV, O J 


Elongation at 
break 

<%) 


MD 
TD 


760 
900 




475 
660 




Secant Modulus 
(psi) (MPa) 


MD 
TD 


35600 
42000 


(248) 
(290) 


27700 
31500 


(193) 
(220) 


ijiuicxiuun x ecu 

grams/mil 
(N/mm) 

V-*-™' mm/ 


un 
TD 


500 


(192.5) 


141 
170 


(65.5) 


rn t\ lr o eta 
VJllX 1 UKdg c 

(%) 


TD 


\J\J /o 

8% 




23% 




Hot Melt Stress 
(psiXkPa) 
Cold Stress 
(psiXkPa) 


MD 
MD 


2.7 
203 


(18.6) 
(1400) 


5.6 
208 


(38.6) 
(1434) 


Puncture 

energy/mil 

(J/mm) 




18.0 


(80.1) 


14.0 


(62.3) 


Dart Drop (g) 




230 




170 




Haze (%) 




34.0 




4.7 




Gloss (45 deg.) 




22.0 




81.0 





45 



50 
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Table IV (continued) 



5 


Film Properties: 

1.25 mil film (30 micron), 


3.0:1BUR 










Tensile Strength MD 
usi (MPa) TD 


4600 
3800 


(31.7) 
(26.2) 


3400 
3300 


(23.4) 
(22.8) 


10 


Elongationat MD 
break 

(%) TD 


600 
800 




275 
600 




15 


Secant Modulus MD 
(psi) (MPa) TD 


35000 
44000 


(241) 
(303) 


27000 
30000 


(186) 
(207) 


20 


ElmendorfTear MD 
grams/mil TD 
(N/mm) 


200 
850 


(77.0) 
(327.3) 


125 
200 


(48.1) 
(77.0) 


25 
30 


Shrinkage MD 
(%) TD 


75% 
10% 




80% 
40% 




Hot Melt Stress MD 
(psiXkPa) 

Cold Stress MD 
(psi)(kPa) 


2 6 
138 


(17 9) 

\ X / .£7/ 

(952) 


4 ft 
195 


fan i ) 

(1345) 




Puncture 

energy/mil 

(J/mm) 


19.0 


(84.6) 


16.7 


(74.3) 


35 


Dart Drop (g) 
Haze (%) 


125 
32.0 




103 
4.6 




40 


Gloss (45 deg.) 


20.0 




72.0 





45 



50 



55 
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Table IV (continued) 



Film Properties: 

2.25 mil film (55 micron), 3.0:1 BUR 








Tensile Strength 
psi (MPa) 


MD 

TD 


4400 
4100 


(30.3) 
(28.3) 


3800 
3200 


(26.2) 
(22.1) 


Elongation at 
break 

<%) 


MD 
TD 


800 
900 




430 
600 




oecant ivioauius 
(psi) (MPa) 


MD 
TD 


36000 
38000 


(248) 
(262) 


27600 
27600 


(193) 
(193) 


Elmendorf Tear 

grams/mil 

(N/mm) 


MD 
TD 


245 
500 


(94.3) 
(192.5) 


114 
145 


(43.9) 
(55.8) 


Shrinkage 


MD 

1 D 


63% 
16% 




70% 
40% 




Hot Melt Stress 
(psiXkPa) 
Cold Stress 
(psiXkPa) 


MD 
MD 


2.0 
191 


(13.8) 
(1317) 


2.0 
fiQ 


(13.8) 

\* 1 0) 


Puncture 

energy/mil 

(J/mm) 




18.0 


(80.1) 


16.5 


(73.4) 


Dart Drop (g) 




260 




191 




Haze (%) 




33.0 




4.2 




Gloss (45 deg.) 




22.0 




79.0 





45 



SO 



ss 
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Table IV (continued) 



Film Properties: 

1.25 mil film (30 micron), 3.5:1 BUR 



10 


Tensile Strength 
psi(MPa) 


MD 
TD 


4600 
3200 


(31.7) 
(22.1) 


3300 
3300 


(22.8) 
(22.8) 


Elongation at 
break 

(%) 


MD 

TD 


600 
700 




300 
500 




15 


Secant Modulus 
(psi) (MPa) 


MD 

TD 


37000 
41000 


(255) 
(283) 


25000 
29600 


(172) 
(206) 


20 


Elmendorf Tear 

grams/mil 

(N/mm) 


MD 
TD 


215 
840 


(82.8) 
(327) 


75 
175 


(28.9) 
(67.4) 


25 


Shrinkage 

(%) 


MD 
TD 


75% 
20% 




77% 
50% 




30 


Hot Melt Stress 
(psiXkPa) 
Cold Stress 
(psiXkPa) 


MD 
MD 


2.1 
53 


(14.5) 
(365) 


3.8 
135 


(26.2) 
(931) 


35 


Puncture 

energy/mil 

(J/mm) 

Dart Drop (g) 




17.0 
150 


(75.7) 


17.0 
127 


(75.7) 


40 


Haze (%) 




32.0 




4.5 




Gloss (45 deg.) 




20.0 




72.0 





SO 
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Table IV (continued) 



Film Properties: 

2.25 mil film (55 micron), 3.5:1 BUR 



w 


Tensile Strength 
psi (MPa) 


MD 
TD 


4400 
3800 


(30.3) 


3000 
«ouu 


(20.7) 


15 


Elongation at 
break 

(%) 


MD 
TD 


875 
900 




480 
580 




Secant Modulus 
(psi) (MPa) 


MD 
TD 


37900 
40700 


(261) 
(281) 


26000 
27000 


(179) 
(186) 


20 


Elmendorf Tear 

grams/mil 

(N/mm) 


MD 
TD 


275 
425 


(105.8) 
(163.6) 


73 
125 


(28.1) 
(48.1) 


25 


Shrinkage 

(%) 


MD 
TD 


uu /o 

30% 




l\j/o 

45% 




30 


Hot Melt Stress 
(psiXkPa) 
Cold Stress 
(psiXkPa) 


MD 
MD 


2.0 
180 


(13.8) 
(1241) 


7.3 
216 


(50.3) 
(1489) 


35 


Puncture 

energy/mil 

(J/mm) 

Dart Drop (g) 




16.0 
300 


(71.2) 


16.0 
185 


(71.2) 


40 


Haze (%) 




33.0 




4.8 






Gloss (45 deg.) 




22.0 




79.0 





Notes to Examples: 

1. MI = melt index 

2. HLMI = flow index 

3. MFR = melt flow ratio 



so 



55 
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4. Bubble stability is determined by the speed of the line. The 
faster the speed (prior to failure) the better the bubble stability. 

5. Dart impact (dart drop) is determined under ASTM D-1709, 
methods A and B. It is given in grams. 

6. Elmendorf Tear is detennined under ASTM D-1992. It is 

given in grams per mil. 

7. MD = machine direction 

8. TD = transverse direction 

9 . Tensile Strength is measured in accordance with ASTM D- 

882. 

10. Elongation is measured in accordance with ASTM D-882. 

11. Tensile strength at yield point is measured in accordance 

with ASTM D-882. 

12. Secant Modulus is measured in accordance with ASTM D- 

882. 

13. Haze is determined under ASTM D- 1003. 

14. Gloss is determined under ASTM D- 2457. 

15. Melt fracture is determined by visually examining the film. 
Each film is given a value from 1 to 9 with the value 1 being the worst 
case of melt fracture and the value 9 representing essentially no melt 
fracture as follows: 

1 = severely gross 

2 = gross 

3 = gross shark skin 

4 = severe shark skin 

5 = shark skin 

6 = rough surface 

7 = slightly rough surface 

8 = minor imperfection, but acceptable 

9 = essentially no melt fracture 

16. Puncture resistance: the test is carried out with a metal 
cylinder, open at both ends, having a diameter of 75 millimeters and a 
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length of 100 millimeters. One open end is covered with the sample 
film, which is held taut by a me tal band surrounding that end of the 
cylinder (similar to a drum). The cylinder is placed in a vertical 
position with the film covered end up. Then, the film is pressed with 
the sharp point of a nail-like rod (5 millimeters in diameter and 150 
millimeters in length) and a force is exerted against the film. When 
the film is broken, the force exerted is measured in grams. 

17. STY (Ibs/hr/cu ft) is the space time yield defined as the 
pounds per hour of polymer produced per cubic foot of fluidized bed. 



Claims 

1 A shrink film comprising a blend of copolymers of ethylene and one or more alpha-olefins having 3 to 1 2 carbon 
atoms formed in situ, said blend having a melt index in the range of from 0.2 to 3.5 grams per 1 0 minutes; a melt 
flow ratio in the range of from 50 to 175; a molecular weight in the range of from 90,000 to 225,000; a Mw/Mn ratio 
of at least about 8; and a density in the range of from 0.910 to 0.940 gram per cubic centimeter, the shrink film 
being formed at a blow up ratio in the range of from 2:1 to 6:1 and having the following properties: 

(i) at about 135 degrees C, a shrinkage of at least about 50 percent in the machine direction and zero or 
positive shrinkage in the transverse direction; 

(ii) melt stress is zero or positive kilopascals; and 

(Hi) a cooled stress of at least about 0.35 x 10 3 kilopascals. 

2. A film as claimed in claim 1 wherein the molecular weight of the blend is in the range of from 1 20,000 to 225,000. 

3 A film as claimed in claim 1 or claim 2 wherein the blend of copolymers is formed in a high molecular weight reactor 
and a low molecular weight reactor, the polymer formed in the high molecular weight reactor having a flow index 
in the range of from 0.2 to 6 grams per 10 minutes and a density in the range of from 0.900 to 0.930 gram per 
cubic centimeter and the polymer formed in the low molecular weight reactor having a melt index in the range of 
from 1 00 to 1 500 grams per 1 0 minutes and a density in the range of from 0.905 to 0.045 gram per cubic centimeter. 

4. A film as claimed in any one of the preceding claims wherein the blend has a melt index in the range of from 0.5 
to 3.5 grams per 10 minutes. 

5. A film as claimed in any one of the preceding claims wherein the blend has an Mw/Mn ratio of at least about 10. 

6. A shrink film comprising a blend of copolymers of ethylene and one or more alpha-olefins having 3 to 8 carbon 
atoms formed in situ, said blend having a melt index in the range of from 0.5 to 3.5 grams per 10 minutes; a melt 
flow ration in the range of from 50 to 175; a molecular weight in the range of from 130,000 to 200,000; a Mn/Mw 
ratio of at least about 10; and a density in the range of from 0.91B to 0.926 gram per cubic centimeter, the shrink 
film being formed at a blow up ratio in the range of from 2:1 to 4.5:1 and having the following properties: 

(i) at about 135 degrees C, a shrinkage of at least about 60 percent in the machine direction and of zero to 
40 percent in the transverse direction; 

(ii) mett stress of from 14 to 103 kilopascals; and 

(iii) a cooled stress of from 0.85 x 10 3 to 2 x 10 3 kilopascals, 

said film having been extruded to a gauge in the range of from 25 to 87.5 micrometres (1 to 3.5 mis) and 
having been produced in situ by contacting ethylene and at least one alpha-olefin comonomer having 3 to 8 carbon 
atoms with a magnesi urn/titanium based catalyst system in each of two reactors connected in series, under po- 
lymerization conditions, wherein (a) the polymer formed in the high molecular weight reactor has a flow index in 
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the range of from 0.2 to 1 gram per 10 minutes and a density in the range of from 0.900 to 0.930 gram per cubic 
centimeter and (b) the polymer formed in the low molecular weight reactor has a melt index in the range of from 
100 to 1500 grams per 10 minutes anda density in the range of from 0.905 to 0,945 gram per cubic centimeter, 
the weight ratio of high molecular weight reactor polymer to the low molecular weight reactor polymer being in the 
rangeof from 0.5:1 to 2:1. 

A film as claimed in claim 6 wherein the. blend is produced under the following conditions: 

(i) in the high molecular weight reactor: the mole ratio of comonomer(s) to ethylene is in the range of from 
0.05:1 to 0.4:1 and the mole ratio of hydrogen; if used, to ethylene is in the range of from 0.0001 ;1 to 0.3:1 ; and 

(ii) In the low molecular weight reactor the mole ratio of comonomer(s);to ethylene is in the range of from 0:1 : 
1 to 0.6:1 and the mole ratio of hydrogen to ethylene is in the range of from 1:1 to 2.5:1 . 
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the shrink film being formed at a blow up ratio in the 
range of from 2:1 to 6:1 and having the following prop- 
erties: 

(i) at about 135 degrees C, a shrinkage of at least 
about 50 percent in the machine direction and zero 
or positive shrinkage in the transverse direction: 

(ii) melt stress is zero or positive kilopascals; and 

(iii) a cooled stress of at least about 0.35 x 10 3 kil- 
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